ABSTRACT: At each of three locations, 400 steers and an equal number of heifers were randomized to 10 treatment groups. The purpose of the studies was to evaluate the response of feedlot steers and heifers to single implants containing a combination of estradiol benzoate (EB) and trenbolone acetate (TBA) at two different ratios each at three doses. The selected ratios corresponded to 1E 2 (estradiol-17b):5TBA and 1E 2 : 10TBA. The two ratios were each tested at three different EB/TBA doses (1:5 at 20/70, 40/140, and 60 mg/210 mg, 1:10 at 14/100, 28/200, and 42 mg/300 mg). The test groups were compared to those given each of the compounds alone (60 mg of EB or 300 mg of TBA), as well as to groups reimplanted with Synovex S ® or Synovex H ® implants and untreated controls. Steers ( P < .01) and heifers ( P < .05) implanted with the 1:10 E 2 :TBA implants gained faster and had better feed conversion (FC) than their counterparts given 1:5 E 2 :TBA over the 140-d trial. The results indicated that both estradiol benzoate and trenbolone acetate contributed to the efficacy of the combination implant. Contour plots of ADG and FC indicate that increasing the amount of EB above approximately 36 or 37 mg does not significantly increase the response of steers. The results of these studies indicate that the 28 EB/200 TBA dose is close to optimal for growth promotion and feed conversion in both heifers and steers. In steers, carcass value was increased ( P < .01) in all test groups except the group given TBA only. Despite a slight reduction in marbling score and percentage of Choice carcasses, carcasses of steers treated with either 28 mg of EB/200 mg of TBA or 42 mg of EB/300 mg of TBA were more valuable ( P < .05) than carcasses from steers in any of the 1:10 ratio EB/TBA groups. Carcass values for groups reimplanted with Synovex S or Synovex H or implanted with EB alone were not significantly different from those for groups implanted with any dose of the 1:10 EB/TBA ratio.
Introduction
Although the exact means by which estrogenic substances increase growth is not clearly understood, it seems to involve an indirect action on the pituitary that causes the release of bovine growth hormone and a direct action on skeletal muscle receptors (Preston, 1987) . It has been demonstrated that bovine skeletal muscle contains both free androgen and estrogen receptors (Meyer and Rapp, 1985; Sauerwein and Meyer, 1989) . Androgens seem to exert only a direct growth effect on receptor sites in muscle tissue. These direct and indirect actions may account for the additive growth response usually recorded from cattle implanted with a combination of estrogenic and androgenic compounds.
The anabolic activity of trenbolone acetate is 8 to 10 times greater than that of testosterone propionate, whereas the androgenic effect is only 3 to 5 times greater than that of testosterone propionate (Bouffault and Willemart, 1983) . Therefore, trenbolone acetate lends itself well to incorporation with estradiol benzoate in a growth-promoting implant.
The objective of this research was to determine the effects of both the dose and ratio of estradiol benzoate: trenbolone acetate ( EB:TBA) in a single implant on ADG, feed conversion ( FC) , and carcass measurements in feedlot steers and heifers under different nutritional, managerial, and climatic conditions. 
Materials and Methods

Animals and Treatments. At each location (Texas,
Colorado, and California), 400 beef-type steers and an equal number of heifers from various sources were selected for use in these studies. In Colorado and Texas, the cattle were Angus/Hereford × Charolais/ Limousin. In California, the cattle were Brahman × Angus/Hereford. At each test facility, the cattle were housed in receiving pens before the start of each study and were given preventative medication in accordance with the usual practices of the particular test site. All cattle were treated with ivermectin (Ivomec ® , MSD AGVET, Rahway, NJ) at a dose rate of 200 mg/kg, subcutaneously. The acclimatization period was approximately 2 wk before initiation of each study, during which time the cattle were adapted to feedlot diets. The cattle were individually identified and randomized on the basis of weight or weight and breed into five blocks of 10 pens with eight animals per pen. The average starting weight (kilograms ± SD) for steers in the Texas, Colorado, and California studies was 277 ± 22, 274 ± 20, and 253 ± 16, respectively; for heifers the average starting weight was 263 ± 21, 261 ± 19, and 246 ± 22, respectively. Pen sizes ranged from 14.9 (partially slotted floor) to 111.5 m 2 (dirt floor) and water was supplied by automatic drinking fountains at all locations. After the actual trial started, the cattle were gradually adapted to the final finishing diet by 14 d after the start of the study. The feed contained no ionophores and was supplied for ad libitum intake at all locations. The compositions of the diets at each study location are listed in Table 1 . The active metabolite portion of estradiol benzoate (molecular weight 376.5) is estradiol-17b ( E 2 , molecular weight 272.4). The ratios of the EB:TBA combinations were determined by the amount of E 2 (.724 × milligrams of EB) in relation to the amount of TBA. Each EB/TBA formulation was compressed into pellets measuring 3.2 × 3.8 mm. Each pellet of the 1:5 EB:TBA ratio contained 5 mg of EB and 17.5 mg of TBA. The test doses of this ratio were 20/70, 40/140, and 60 mg/210 mg and the implants consisted of 4, 8, and 12 pellets, respectively. Each pellet of the 1:10 EB:TBA ratio contained 3.5 mg of EB and 25 mg of TBA. The test doses of this ratio were 14/100, 28/200, and 42 mg/300 mg and the implants consisted of 4, 8, and 12 pellets, respectively. The test groups were compared to the highest dose of each steroid alone present in any of the EB/TBA combination doses (60 mg of EB and 300 mg of TBA). These doses were the most conservative approach to proving the combination of EB/TBA to be superior to either EB or TBA alone. In addition, Synovex S or Synovex H implant groups were included for comparison purposes. Steers and heifers in the positive control groups were implanted ( d 0 ) initially and reimplanted ( d 84) with Synovex S 8 or Synovex H 9 , respectively.
Procedures. Initial and final weights were recorded for each animal following an overnight fast. A summary of the treatment groups is presented in Table 2 . Implantation was accomplished by inserting the needle of the appropriate implant device into the subcutaneous tissue of the middle one-third of the posterior aspect of the pinna of the ear. The stylus of heifers and 15 of the 1,200 steers involved in these studies for a variety of reasons. All but two of these animals died or were removed from the pen because of a diagnosed illness or injury. The two exceptions were steers excluded because of conspicuously poor performance throughout the trial. None of the exclusions was related to any of the implant treatments. The conclusion of the study was defined as the time when 70% of each block reached a carcass grade of Choice, as estimated by fat cover. When the first block reached this level of finish, all cattle in the study were again weighed. From that time on, only those blocks reaching the 70% Choice level were weighed prior to slaughter. The time required for all cattle in these trials to reach slaughter condition ranged from 132 to 183 d. Carcass data, including USDA quality and yield grade data, were collected from all cattle at the conclusion of the study. Marbling score was coded moderately abundant = 8, slightly abundant = 7, moderate = 6, modest = 5, small = 4, slight = 3, traces = 2, and practically devoid = 1, with fractional scores (e.g., small20 = 4.2) truncated before analysis. Color scores were on a scale of 1 = light pink, 2 = pink, 3 = dark pink, 4 = light cherry red, 5 = cherry red, 6 = dark red, 7 = very dark red, 8 = maroon, 9 = dark maroon. Carcasses with color scores higher than 7 were considered "dark cutters." To determine Choice or better status (yes/no), marbling score was reduced by 1/3 when color score was 7 and by 2/3 when color was 8. It was also reduced by .1 when maturity was recorded as B10, by .2 when maturity was recorded as B20, etc. Carcasses with adjusted score ≥ 4 were considered Choice or better. Carcass value was calculated as: $2.23/kg × hot carcass weight (Choice or better) and $2.14/kg × hot carcass weight (Select or lower) and then reduced by $.44/kg for carcasses with color scores higher than 7.
Carcass masculinity was coded 1 to 9 (least to most masculine). Each carcass was evaluated by T. Montgomery and pen means for cattle in the particular treatment group were averaged.
Statistical Analysis. Steer and heifer data were analyzed separately by fitting an ANOVA model with terms for location effects (treated as fixed), treatment effects, location × treatment interactions, and block within location effects to pen means, using the GLM procedure of SAS (1989) . To compare FC, feed/gain ratio was analyzed after verifying that the distribution of feed/gain ( F/G) ANOVA residuals was approximately normal. Selected contrasts were tested (e.g., mean of 1:10 ratio groups vs mean of 1:5 ratio groups). To estimate the EB/TBA combination that optimizes ADG and FC, the Synovex group was excluded and a quadratic response surface was fitted.
Results and Discussion
Performance Evaluation. Cumulative ADG and F/G for steers and heifers are presented in Tables 3  through 6 .
Steers implanted with the 1:10 E 2 :TBA ratio implants gained weight faster (1.67 vs 1.58 kg/d, P = .001) and had better FC (5.08 vs 5.34 kg of feed/kg of gain, P = .002) than their 1:5 ratio counterparts over the 140-d trial period. The results indicated that both estradiol benzoate and trenbolone acetate contributed to the efficacy of the combination implant. In addition, contour plots indicate that increasing the amount of EB above 36 mg as a total implant dose does not improve ADG and FC of steers (Figures 1 and 2 ). In heifers, the mean of all the 1:10 E 2 :TBA doses for ADG was increased compared to the mean of the 1:5 E 2 :TBA doses (1.38 vs 1.32 kg/d, P = .016). A difference was also evident between the two ratios for F/G that favored the 1:10 E 2 :TBA doses (5.53 vs 5.67 kg of feed/kg of gain, P = .015). Contour maps (Figures 3 and 4 ) indicate that improvements in ADG and FC can be expected to occur with incremental increases in EB and TBA.
The results of this study show that implants containing a ratio of 1:10 were more effective in increasing feedlot performance in steers and heifers than implants containing a ratio of 1:5.
In both heifers and steers, ADG and FC in all dose groups implanted with the 1:5 or 1:10 EB:TBA ratios were improved compared with ADG and FC of untreated control animals ( P ≤ .015). Steers receiving the 28/200 and 42/300 doses of the 1:10 E 2 /TBA ratio gained weight faster and had better FC over the test period than any group in the study that did not receive 1:10 ( P ≤ .016). There were no significant differences between these two 1:10 ratio dose groups ( P ≥ .25). All cattle receiving trenbolone acetate, estradiol benzoate, or Synovex ( 2×) implants had improvements in ADG and FC compared with controls ( P ≤ .012). Steers implanted with Synovex S and EB outgained those receiving TBA only ( P < .001). This was not true in heifers, for which TBA implant treatment resulted in ADG and FC not significantly different from those of heifers given either EB alone or Synovex H ( P ≥ .37). Means within a row lacking a common superscript letter differ (LSD P < .05). 
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Difference from neg. control, % Carcass Evaluation. The effects of various implant treatments on carcass characteristics of steers and heifers are presented in Tables 7 and 8 . No differences in the incidence of liver abscesses at slaughter were detected among any of the treatment groups (overall P ≥ .47). In steers, all 1:5 and 1:10 ratio doses decreased marbling score and increased hot carcass weight and value (vs untreated controls P ≤ .004). Steers receiving the 28/200 and 42/300 doses of the 1: 10 E 2 :TBA ratio had heavier hot carcass weights and higher carcass values than any of the steers given the 1:5 ratio doses ( P ≤ .029). The 42/300 dose decreased kidney, pelvic, and heart fat in steers and heifers, increased fat thickness in steers, and increased meat color in heifers (vs untreated controls P ≤ .026). No 1: 10 ratio dose significantly affected yield grade in either steers (vs untreated controls P ≥ .12) or heifers (vs untreated controls P ≥ .064). There were increases in carcass value for all dose groups of steers treated with the 1:10 ratio of E 2 :TBA (vs untreated controls P < .001). In heifers, the 28/200 and 42/300 implant doses increased carcass masculinity (vs untreated controls P ≤ .004). The 40/140 and 60/210 implant doses of the 1:5 ratio decreased the percentage of carcasses grading Choice in both steers and heifers. The 60/210 dose also Means within a row lacking a common superscript letter differ (LSD P < .05). 
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( 1 ) increased fat thickness and color of the meat in steers. A lower percentage (vs untreated controls P ≤ .033) of heifers treated with either the 40/140 or 60/210 dose graded Choice, due to decreased marbling scores (vs untreated controls P ≤ .010) and an increase in color of the meat (vs untreated controls P ≤ .020). All treatments increased hot carcass weight and carcass value. Carcasses derived from both heifers and steers were decreased in quality grade and marbling score but were increased in longissimus muscle area and value. Carcasses derived from steers treated with implants containing TBA only were not significantly different from carcasses derived from nonimplanted steers with the exception of a decrease in dressing percentage (vs untreated controls P = .026). Carcasses derived from heifers treated with TBA implants were characterized by a decrease in quality grade ( P = .013) and marbling score ( P = .019) and a compensating increase in hot carcass weight ( P = .024) and longissimus muscle area ( P = .004) compared with nonimplanted control heifers. There was no significant increase in the value of carcasses obtained from either steers or heifers receiving TBA implants (vs untreated controls P ≥ .19).
Implants containing only EB decreased marbling score and increased color, hot carcass weight, and longissimus muscle area in both heifers and steers (vs untreated controls P ≤ .019) and increased carcass masculinity in steers only (vs untreated controls P = .004).
Compared with nonimplanted controls, steers and heifers receiving Synovex implants had increased dressing percentage, hot carcass weight, longissimus muscle area, and carcass value with a decrease in quality grade ( P ≤ .033). Synovex S implants in steers resulted in decreases in marbling score and kidney, pelvic, and heart fat, and an increase in carcass masculinity (vs untreated controls P ≤ .011). Carcasses derived from steers given Synovex S implants had higher dollar value than those obtained from any of the 1:5 EB:TBA implant doses ( P ≤ .031). No differences were evident in the value of the Synovex implant-derived carcasses compared to any dose of the 1:10 EB:TBA-derived carcasses in either heifers ( P ≥ .062) or steers ( P ≥ .44).
Implications
Steers and heifers implanted with a 1:10 ratio of estradiol-17b/trenbolone acetate grew faster and had better feed conversion than those receiving implants containing a 1:5 ratio. Carcasses derived from animals implanted with all doses of the 1:10 ratio tended to be more valuable than carcasses derived from animals treated with any other implant, except Synovex S and H implants.
